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(54) Elastomeric flexible articles and their method of manufacture 



(57) In accordance with the present invention there 
IS provided a flexible article such as a surgeon's glove 
displaying slip properties with respect to damp and dry 
marnmahan tissue without use of powder lubricants The 
article is comprised of a substrate layer having an elas- 
tomeric material the layer having a wcarcr^contacting 
surface and a damp slip -conferring amount of a lubricant 
composition applied to the wearer-contacting surface 
The lubricant composition is sotoctcd from the group 
consisting of h first composition and a second compo- 
sition The first composition comprises an acctylenic diol 
and at least one compound solGctod from the group con- 



sisting of an organo-modified silicone an amino-modi- 
fied silicone and a cationic surfactant The second com- 
position comprises a cationic surfactant and at least one 
compound selected from the group consisting of an or- 
gano-modified silicone an amino-modilied silicone and 
an acctylenic diol The elastomer may be natural or syn- 
thetic and IS preferably selected from the group consist- 
ing of natural rubber a polyurethane neoprene nitriie 
rubber a styrenebutadione-styreno block copolymer a 
styrenc-isoprenc-styronc block copolymer and combi- 
nations thereof The cationic surfactant is preferably 
1 -hexadecylpyridinium chloride monohydrate 
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Description 

TECHNICAL FIELD OF THE INVENTION 

^ This invention rclntcs to clHstomcric flexible Hrticles (c q film articles) pHrticularly powder-free rnediCHl gloves 

that cxhioit enhanced lubricity {"slip") with respect to both dry ar^d darr.p surtaccs particularly skin or other tissue of 
the wearer as connparcd to similar articles or titms that are not treated as described herein This invcntior^ also relates 
to a process for nnaking such articles This invention further relates to a lubricant connposition and a method ot treating 
elastomenc flexible articles with a lubricant composition 

w 

BACKGROUND OF THE INVENTION 

ElasiomGric surfaces of articles in general exhibit poor lubricity with respect to a dry surface such as dry skin or 
other marnmalian tissue These properties are due to surface friction Additionally many elastomeric articles or surfaces 

'5 display poor lubricity with respect to damp surfaces A high coefficient of friction is a distinct disadvantage in those 
appfications where an elastomeric surface rTiust slide on another surface such as in the donning of gloves over dry or 
damp skin This is particularly impoilant in the use of medical gloves such as examination gloves and surgeon's glove 
These gloves are relatively close fitting in order to provide sensitivity Further most surgeons don their gloves after 
scrubbing up and without having fully dried their hands so that their hands may be distinctly damp Accordingly the 

^0 elastomeric materials useful in such applications must exhibit enhanced lubricity with respect to dry surfaces ("dry 
slip") enhanced lubricity with respect to damp surfaces ("damp slip") and the requisite mechanical properties The 
prior art has attempted various ways to produce powderless gloves which satisfy these requirements 

One prior approach is to halogcnate the surface of rubber gloves with chlorine or bromine to make it slippery i e 
reducing tackiness and decreasing the coefficient of friction of the rubber gloves In the case of chlorine as the fialogen 
the prior art discloses the production and use of chlorinated water to treat the rubber gloves Such methods include 
(1) direct injection of chlorine gas into the water mixture (2) mixing high density bleaching powder and aluminum 
chloride m water. (3) brine electrolysis to produce chlorinated water and (4) acidified bleach See for example U S 
Pat Nos 3.411 982 (Kavahr) 3 740 262 (Agostinclli) 3 992 221 (Homsy. ot al treating Duter surface with chlorine 
gas) 4 597 108 (Momoso) and 4 851 266 (Momose) However chlorination produces surfaces which have very poor 

^^0 damp slip 

There are other prior rubber gloves having a slip layer bonded to the inner surface of such gloves Examples of 
gloves which have an inner layer of elastomeric material with particulate lubricant imbedded therein are disclosed in 
US Pat Nios 4 070 713 .Stockum) 4 1 43 1 09 (Stockum) 5 284 607 (Chen) and 5 395 666 (Brindle together with a 
surfactant but ionic surfactants are n(Dt recommended) and which disclose surgeon's gloves with various polymeric 
slip coatings bonded to the inner surface thereof arc U S Pat Nos 3 31 3.695 (Podell ct al an inner layer of hydrophilic 
plastic material eg hydrogel polymer). 3 856.561 (Esomplaro etal an inner layer of a copolymer of vinyl or vinyhdene 
chloride and an alkyi acrylate). 4 302.852 (Joung) 4.482.577 (Goldstein, et al ). 4 499 1 54 (James et al : uses specific 
hydrogel polymers as the inner layer which is then treated with a cationic surfactant or fatty amine) and 4 575.476 
(Podell et ai hydrogel polymer inner layer treated with cationic anionic or nonionic surfactant) The foregoing differ 
■^0 from the present invention 

SUMMARY OF THE INVENTION 

In accordance with the present invention there is provided a flexible article displaying slip properties with respect 
■^^ to damp and dry mammalian tissue without use of powder lubricants The article is comprised of a substrate layer 
having an elastomeric material the layer having a wearer-contacting surface and a damp slip-conferring amount of a 
lubricant composition applied to the wearer-contacting surface The lubricant composition is selected from the group 
consisting of a first composition and a second composition wherein the first composition comprises an acetylenic diol 
and at least one compound selected from the group consisting of an organo-moditied silicone an amino-modified 
50 silicone, and a cationic surfactant, preferably 1 -hexadecylpyridinium chloride monohydrate and wherein the second 
composition comprises a cationic surfactant preferably 1 -hexadecylpyridinium chloride monohydrate and at least one 
compound selected from the group consisting of an organo-modified silicone an amino-modified silicone, and an acet- 
ylenic diol 

In one embodiment, the article is a surgeon's glove The elastomer may be natural or synthetic and is preferably 
^5 selected from the group consisting of natural rubber a polyurethano a homopolymer of a conjugated dicne a copolymer 
of at least two conjugated dienes a copolymer of at least one conjugated dicne and at least one vinyl monomer and 

combinations thereof The conjugated dienc may contain hctcro atoms such as conjugated dienes which have been 
halogenated e g chloroprene Preferred conjugated dienes include butadiene tsoprene and chloroprene Preferred 
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vir^yl rnonornofs include ^lkor-iyl .-Irenes cq styronc .-ilkylcncs oq ethylene .-md propylene rind .-icrylonilfilc The 
term "combinations thereof" in rcqHrd to the olHStorncr includes physical cornbinHtions thereof in a single layer and 
laycfOd c on^binatiorns thereof tor exafnpic a rnulti-laycrod claslomcric article having a layer of pclyufcthano formed 
over and adhennq to a layer of r^atural rubber 

There s also provided ,-i method of treating an olastomeric flexible article The rnoihod comprises (a) cloaninq the 
article surface by washing (b) chlof mating the article surface (c ) noutrali/inq the article surface and residual chlorine 
ar-d (d) treating the article surface with a lubricant composition 

The lubricant compositiC'n is selected from a fust composition and a second composition wherein :he first com- 
position comprises an acetyienic dscl and at least one cofTipound selected from the group consisting of an organo- 
modifiod silicone an amino-moditiod silicone and a cationic surfactant preferably 1 -hoxadccylpyridinium chloride 
monohydrate (also known as cetyipyndinium chloride) and wherein the second composition comprises a cattonic siir- 
factarit preferably Vhexadocylpyridtniurn chloride monohydrate and at least one compound selected from the group 
consisting of an orqar-o-r-nodi|ied silic;onc an aminC'-miDdifiod silicone and an acotylcrTic dio' 

If the article has previously been chlorinated or does not require or permit chlorination stops .b) and fc) may be 
eliminated If a powder is not used as a mold lelcase when the articles are made the washing step (a) may be eliiTii- 
natcd 

Medical powder-fioc gloves treated with the luoricant composition provide superior lubricity with respect to wet- 
damp donning in compar son to the current chlorinated surgical gloves in the market 

DE^TAlI.ED QFSCRIPTION OF THE INVENTION 

The invention envisages flexible olastomeric articles including those adapted for use in partial or total contact with 
mammalian tissue, such as surgical examination and dental gloves condoms bandages catheters ureters sheathes 
and sheath-type incontinence devices and other film articles Additionally, the damp/dry sitp-conferring m.atcrtals may 
be provided on one or more surfaces of the article including but not limited to an inner and'or outer surface relative 
to the wearer as appropriate under the circumstances of the use of each article 

For purposes of this description the outer surface of an article and in particular a glove is defined as that surface 
which bccomios an external surtace of the glove in the position of actual use when worn. The inner surface is defined 
as that surface which is adjacent to the skin of the wearer when worn The reverse is true in the case of a catheter or 
ureter the outer surface ts the surface in contact with the wearer's tissue To avoid ambiguity the 'erm "wearer-con- 
tacting surface" will be used herein "Tissue" includes skin or cpithelia without limitation 

The elastomer used in the substrate layer may bo a natural or synthetic rubber Without limitation synthetic rubbers 
include pclyurethano h hor-nopolymior of a conjugated diene a copolymer of at least two conjugated dicnes a copol- 
ymer of at least one conjugated diene and at least one vinyl monomer and combinations thereof 

The conjugated dienes are preferably ones containing trom 4 to 8 carbon atoms Examples of such suitable con- 
jugated dienes include i 3-butadicne (butadiene) 2-mothyl-1 3-butadiene (isoprone). 2 3-dimethyl-1 .3-butadicno 
1 3-pentadiene (pipcrylcnc) 1 3-hoxadicne and the like The conjugated dienes may contain hctero atoms Such 
conjugated diones include those which have been halogenated fc^r exar-nple chloropreno tvlixtures of such conjugated 
dienes may also be used The preferred conjugated dicnos arc butadiene isoprene and chloroprene 

Any vrnyl monomer mav be used for copolymcn/ation with at least one conjugated diene to prepare synthetic 
rut:)bors so ;onq as the rosu 'ing copolymer is claslomcic Withciut limitatiC'n such vinyl monomers induce alkylcnos 
il^ cnyl rironos and acylonitf lo The profcrrod alkv lonos afC oihy^onc propylene r^d butylcnos Tfio pr cfor red aikony 
arc-ncs arc monoalkonvl a'cnes The \0\m "mcnoalkcnyl arcne" wi I be taken to include particularly those of the bon/er"e 
series suc;n as styrorTo ar^d lis analogs and fiomoloqs includiriq o methyistyione p r-nclhylstyfcrTc p-tcrl-buty Istyrono 
1 3 dimothylstyrono .-I'pha-mothylstvrcno ancJ >3ther ring a-kylated styrcnes particularly rinq-r7iGthylatcd s'yicrTOS and 
other mor'Oalkcr-iyl polvcyclic. Hroma'ic compounds sucn as vir^yl naphthalene vinyl ar^lhraccno nnd the iiKo Ti^.o pre- 
ferred monoalkenyl arenos are monovinyl monocyclic arenos such as styrene and alpha-methyls:yrenc and stv'cne 
IS particularly preferred 

The copolymers nr.ay be vindom tapered or block copolyrmcrs If the copolymers are block copolymers it will bo 
urTjerstocd that each C'f the blocks thereof may be a hornopolymer a randorT^ copolynner or a taporod copolymer ^s 
long as each block predominates in at least one class of the morTorTicrs characteri/inq the block For example blocks 
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Tno block copolymers of nlkonyl rironos ("A" blocks) and conjuzjHtcd dicne ("B" blocks) nrc prcfcrHbly network 
forminq i c M least two A blocks and nt least one B block The simplest form of such a block copolymer is A-B-A 
which IS a inblock copolymer In such a synthetic rubber the A blocks arc thermodynamically incompatible with the B 
blockis) resulting in a rjbbcr consisting of two phases a continuous elastomeric phase (B blocks) and a basically 

s discontinuous hard ^lass-likc plastic phase (A blocks) called domains These domains act as physical crosslinks an- 
choring the ends of many block copolymer chains Since the A-B-A block copolymers have two A blocks separated by 
a B block rJomain formation results in effectively locking the B blocks and thetr inherent entanglements in place by the 
A blocks arid forming a network structure Such a phenomenon allows the A-B-A rubber to behave like a conventionally 
vulcani/ed rubber that contains dispersed reactive tiller particles Those thermoplastic A-B-A rubbers are physically 

■0 irosslinked by the domains in a network structure as opposed to being chemically crosslinked like a conventionally 
vulcani/ed rubber As such these polymers may be handled in thermoplasi ic forming equipment and are soluble in a 
variety of relatively low cost solvents Additionally, when poiymers of this type are used the vulcanization step may be 
oliminatod .-ind contrary to vulcani/cd scrap rubbers the scrap from the processing of these thermoplastic elastomers 
can be recycled for further use 

'5 The block copolymers rnay be produced by any well known block polyr^ieri/ation or copolymen/ation procedures 

including the well known sequential addition cf monomer techniques incremental addition of monomer technique or 
coupling technique as illustrated in for example US Pat Nos 3 251905 3 390 207 3 598 867 and 4 21 9 627 the 
disclosures of which are incorporated herein by reference As is well t^nown in the block copolymer art. tapered copol- 
ymer blocks can be incorporated tn the multiblock copolymer by copolymcn/ing a mixture of conjugated dieno and 

^0 ,-ilkenyl arcne monomers utilizing the difference m tneir copolymiert/at»on reactivity rates Various patents describe the 
preparation of multiblock copolymers containing tapered copolymer blocks including U S Pat Nos 3 251 905 
3 265 765 3 639.521 and 4 208.356 the disclosures of which are incorporated herein by reference 

It should bo observed that the above-described polymers and copolymers may. if desired be readily preo-^red by 
The methods set forth above However since many of these polymers anc copolymers are commercially available, for 
example. KRATON'^-'' polymers available from Shell Oil Company it :s usually preferred to employ the coriTrnerctally 
available polymer as this serves to reduce the number of processing steps involved in the overall process 

Typical thicknesses of the elastomeric substrate layer for surgical gloves range from about 30 to about 400 microns 
preferably from about 100 to about 350 microns Surgical gloves tend to be about 150 microns thick and orthopedic 
gloves tend to be about 300 microns thick 

30 To import damp slip properties to the flexible elastomeric article, which is at least substantially powderless and ts 

preferably chlonnated. the article is treated with a lubrication composition There are two suitable combinations ol 
components The first composition comprises (i e . having at least) (1 ) an acetylenic diol and (2) at least one compound 
selected from the group consisting of an organo-modified silicone an amino-modified silicone and i -hcxadecylpyrid- 
mium chloride rnonohydrate The second composition comprises (1)1 -hexadecylpyridiniurn chlor ide rrionohydrate and 

35 !2)at least one compound selected from the group consisting of an organo-modified silicone, an ariiino-modified sili- 
cone and an acetylenic diol The lubricant composition is preferably an aqueous solution or dispersion 

The compound 1 -hexadocylpyndinium chloride monohydrate (CAS No 6004-24-6) is a commercially available 
cationic surfactant Other suitable cationic surfactants include those comprising at least one lipophilic moiety such as 
an alkyi aralkyl. aryl or cycloalkyi group containing 6 to 1 8 carbon atoms and a hydrophilic moiety suc h as a substituted 

•^0 ammonium group (for example, a tetraalkylammonium pyridinium or like group) The counter-ion present snould be 
compatible with the tissue of the wearer it could be. for example, chloride or other halide. 

Preferred cationic surfactants are quaternary ammonium compounds having at least one Cg C ,g hydrocarbyl (alkyI 
aryt aralkyi or cycloalkyi) group, a preferred hydrocarbyl group is a hexadccyl group The hydrocarbyl group may be 
attached to a quaternary nitrogen atom which is part of a heterocyclic ring (such as a pyridine morpholine or imidazoline 

-^5 ring) 

As previously mentioned, a particularly preferred surfactant is hexadecylpyridiniurn chloride Other suitable cationic 
surfactants include benzalkonium chlorides hoxadecyltnmethylammonium chloride dodecylpyridinium chloride the 
corresponding bromides a hydroxyelhylheptadecylimidazolium halide coconut alkyidimethylariimonium betainc and 
coco aminopropy! betaine 
50 Mixtures of surfactants may also be used. 

The cationic surfactant, e g the preferred cetylpyridinium chloride concentration is in the range from about 0 05"o 
to about 2 5"o by weight A range from about 0 25"o to about 0 75'\> by weight, for example 0 5''o. cetylpyridinium 
chloride solution ts preferred 

The acetylenic diols useful in the present invention are acetylenic tertiary glycols and the ethylene oxide adducts 
55 of acetylenic tertiary glycols Preferably, the acetylenic diols used in the practice of the invention are structurally rep- 
resented by the formula 
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in which R, and R4 nrc nlkyl radicnls contr-iininq from 3-10 cnrbon atoms and R2 and R- arc selected from the group 
consisting of methyl and ethyl and x and y have a sum in the range of 0-60 uTctusive whore y x 0 represents the 
acetylenic tortiarv glycols In the picferrcd case R^ and R4 are alkyi radicals having 3-4 carbon atoms each and 
and R, arc methyl groups Further examples and synthesis techniques for the manufacture of these acetylenic diols 
are disclosed in U S Pat Nos 3 268 593 (Carpenter et al ) and 3 293 1 9i (Carpenter et al ) which are hereby incor- 
porated by reference 

Acetylenic diols useful in the present invention preferably have a 10-carbon chain as a backbone with a carbon- 
carbc^n triple bond in the nniddlo with a hydrnvyi Qroiin on the carbon atoms on either side of the triple bond The 
combination of these groups yields a region of high electron density making the molecule polar There is also a sym- 
metrical highly branched group on each side of this region supplying the molecule with two hydrophobic areas Overall 
the molecule has a hydrophobic-hydrophilic-hydrophobic structure making it a good wotting agent or surface tension 
reducer See J Schwartz et al "Acetylenic diol-based additives help glove makers meet quality standards " Elasto- 
mencs pages 16-18 December 1989 Suitable acetylenic diols include the following available from Air Products and 
Chemicals Inc Allentown PA SurfynoKf^) 104 (2 4 7 9-tGtramethyl-5-decyn-4 7-diol) SurfynolCR) 104E (Surfynol® 
104/cthylcne glycol. 50/50) Surfynol(K) 440 (Surfynol® 1 04 t 3 5 moles ethylene oxide) Surfynol® 465 (SurfynoKf^) 104 
+ 10 moles ethylene oxide) and DynoKR) 604 (a mixture of cthoxylated acetylenic diols) 

The acetylenic diols are preferably cthoxylated acetylenic diols such as DynolO^) 604 and SurfynoKF) 400 scries 
available from Air Products and Chemical Inc Allentown Pennsylvania DynoK^^) 604 is preferred because it provides 
better lubricity The acetylenic diol is used in the form of a solution such as an aqueous solution containing at least 
0 0^^.> by weight up to for example 2"o by weight of acetylenic diols The acetylenic diols may be used in a mixture 
or combination 

The modified silicones useful in the present invention arc hydrophilic nc^nionic silicones Examples of such silicones 
are commercially available from OSi Specialties Inc Danbury Connecticut are NuWet(F) 100 NuWete^) 300 and Nu- 
Wet(H) 500 NuWct(R^ 100 is a copolymer described as an organo-moditiod polydimethylsiloxane more specifically a 
polyalkyleno oxide modified polydimethylsiloxane NuWetti?) 300 is also a copolymer described as an amino-modifiod 
sihcone-polyether copolymer As a result of the amino-modification this material has reportable quantities of an al- 
kanolamino NuWetCf^) 500 is a blend of an organo-modifiod polydimethylsiloxane (>65"o) and an ethoxylated alkyI 
(<20'\-.) There are reportable quantities of ethylene oxide (<20"c. upper bound concentration per MSD Sheet is 
0 0002"..! The following Tribie provides some physical properties for these throe materials 
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Phyiiical 
Property 


NuWet* 100 


HuWet* 3 00 


HuWet* 500 




Appearance 


Clear 


Clear - SI. 
Haze 


Clear 


10 


Color 


Lt . Straw 


Lt . Straw to 
Tan 


Colorless to 
Lt . Straw 




Mom i na 1 
Viscosity, cP 


425 


3500 


400 


ts 


Solubility in 
Water 


Soluble 


Dispersable 


Dispersable 




Ionic Nature 


Non- ionic 


Non- ionic 


Non- ionic 


JO 


% Actives 


100 


100 


100 
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Physical 
Property 


NuWet*^ 100 


NuWet** 3 00 


NuWet® 500 




Density 


1 . 06 


1 . 027 


1 . 02 


30 


Flash Point* 


175^ F. 


230"* F. 


i 

28S'' F. j 




Freezing Point 


-9.4^ F. 


< 32^ F. 


< 32** F. 


J 5 


Molecular 
Wexght 


Copolymer 


Copolymer 


Copolymer 

1 



Pensky-Martens closed cup ASTM D-93. 



■^0 According to OSi's product bulletin the following non-aqueous diluents have been found useful 

cthyleno-propyfcne oxide polymers (Ucon 50HB 100 Union Carbide) 
methyl soyate (Emery 2235 Hcnkol] 
mothy! olcate (Emerest 2301 Hcnke!) 
-^^ methyl cannolate (Emery 2231 Hcnkel) 

propylene carbonate (Arco) 
olcyl alcohol (Novo!. Croda) 

When preparing aqueous solutions or dispersions with these materials OSi recommends pouring the silicone into 
^0 the vortex of the total water while mixing at a moderate speed (about 300 rpm to about 400 rpm) Mixing is continued 
until a uniform solution or dispersion is obtained Non-aqueous solutions or dispersions arc prepared in a similar man- 
ner but mix at about 150 rpm to about 200 rpm until a clear mixture is obtained 

U S Pat Nos 4 690 955 (Kilgour et al ) 4 769 1 74(Kilgour) 4 S47 398 (Mehta et al ) and 4.857 563 (Austin ot al ) 
disclose various organo-modificd polysiloxane copolymers (i o organo-moditied silicones) and methods of making 
same Such copolymers contain hydroxy! groups The amino-modification may be performed by first substituting a 
halide for the hydroxyl group The halide may then be reacted with ammonia or an amine to substitute an ammo group 
for the halide This latter process is called ammonolysts of halidcs Alternatively amino-moditied poiysiloxancs {i c 
amtno-modified silicones) may be prepared according to U S Pat No 3 905 623 (Piskoti) which is hereby incorporated 
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by fcfcfOfTCG Therein the .-ifnino-rnodilied polysiioxnnGS nro prcpHfCd by mixing nn orqnno-rnodifiod polysiloxrinc? !i 
G Of qano-rnoditied silicone) with Hintno-furctionril silnncs or silox^nos and thcrGHflcr equilibrHting the mixture in the 
pf cser^cc of ri briso CHtrilysl cq Hlkr^ll irclr^l hydroxides r-ilkoxidos hydrides nlkyls nlkcnyls rir^d ^-iryls ar^d silr-monlcs 

"^he rTioditicd silicorio is gcnofHtly used in the form of h solution, such as rin aqueous solution contHimng nt least 
s 0 05"<. by weight up to for example 5"n by wcigtM of the modified silicone 

The coating of lubricant cofnpositton need not coat the wearer-cor^tacting surface completely It is only necessary 
that enough lubricant cor^posilion is app led to enhance damp slip It is preferred to the extent that it is practicable 
to keep the lubricant cornposition on the wcarer-conlactirig surface in the case of medical or dental gloves in order 
to ensure that maximum grip is maintained on the outer surface The lubricant composition can bo applied as an 
^0 aqueous solution containing from about 0 2 to about 2"o by weight lubricant composition total The article can be dtppod 
\J^ such solution or the solution can be sprayed or painted on it preferably before it is removed from the form Alterna- 
tively the lubricant compositiori can be applied atter the article is stripped from the fornn 

The process fiDr applying the particl(}-containing coating lo the wearer-contacting surface ot the elastomer substr ito 
depends in part on the nature of the substrate ^ind on whether the glove or other article is formed by dipping a form 
'5 into an elastomcnc polyriier latex or into a solution of the elaslomenc polymer in a suitable solvent Methods for making 
the elastomcnc substrate articles of the oresent irivention arc well known in the art 

Where the article is formed from compounded natural rubber latex the deposit on the form is beaded and leached 
in the normal way and may then be dried and vuicani/cd It is envisaged that the coating will normally bo applied by 
subsequently dipping :ho deposit on the form into an aqueous suspension of the coating material, i e . the binder and 
~o microparticios The deposit and coating may then be heated to dry them and to complete vulcanization of the rubber 

Other substrate polymers in dispersGG c g latex form including polyurethanes may be treated similarly, although 
a vulcani/ing step will not be needed in every case as can be readily appreciated by those skilled in the art 

It IS understood that various optional ingredients may be incorporated in these articles as apparent to those skilled 
in the art For example where the article is a glove an antibiock agent may be used which would facilitate donnmg 
25 nnd use The antibiock agent is preferably a low-melting wax (mp from about 100° C to about 150° C ) such as 
polyethylene wax added as an aqueous ernnulsion (e g i -2'\>) to the coating mixture The particle si/e of the wax 
should be preferably less than 1 pm to avoid interference with the surface morphology 

In accordance with the present invention an embodiment of a continuous process for making a powder-free glove 
comprises in summary form 

JO 

(I) dip-coating a coagulant onto a glove form 

(II) dip-coating over the coagulant layer a layer of an elastomer 
(in) leaching the elastomer article in the hot water 

(IV) heat curing the elastomer 
^5 (V) chlorinating the glove. 

(VI) neutralizing the glove and residual chlorine 

(VII) rinsing the glove 

(VIM) treating the glove with a lubricant composition 
(IX) drying the lubricant treated glove and 
•^0 ix) removing tne glove from the form thereby reversing the glove 

If the elastomer is not to chlorin,-jtOij step:: fVi-'Vir. Crir"- bo omitted 

\n .-.cco^cirincc with flic p'osent im orv.ior'i anollier orTil:)odimorTt of the process 'or r-rv-ik.r^q h powdor-froo :^lovo 
C'rnpf.'SOS n summriry fritT^ 

(a) General process for making powdered gloves by 

fi) dip-coatinq a coagulant onto a glove \onr\ 
III) dip-coatinq over the coagulant layer a layer of an elastomer 
■^'■^ 'iiii leaching the elastomer article in the hot water 

(IV) heat curing the elastomer 
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Miij ficulrHli/iriq tho qlC'VG ^-ind residual chlorine 

( IV) rinsing the glove 

(V) tremtinq the glove with a lubricant composition 

(VI) drying the lubricnnl treated glove and 
5 (VII) irwcrting and re-diying the qlovc 

The application of the lubricant solution provides the chlorinated powder-free glove with superior lubricity with 
respect to wct'dannp hand donning The steps of part (a) may be omitted if powdered gloves are available Lif^cwise 
if chlorinated gloves are available steps (b)fii)-(iv) may bo omitted 
10 In an expanded manner the steps for one embodiment of tho present invention are discussed below First there 

IS a cleaning step to clean for iDxample the hand form typically made of porcelain to remove residue from previous 
manufacturing iterations The clean form is then dried to remove water residue by conveying the form through a pre- 
heated oven to evaporate tho water 

The preheated form is then dip-coatod in a bath containing a coagulant a powder source and a surfactant The 
coagulant preferably contains calcium ions to breaK the protection system of the emulsion thereby allowing the latex 
to deposit on the form The powder is preferably a calcium carbonate powder which later nets as a release agent 
Alternatively, the powder source may be omitted by using the lipo compound and surfactant combination in the coag- 
ulant to aid in stripping the glove according to U S Pat No 4 310 928 to Jourg The surfactant provides good wetting 
to avoid forming a meniscus and trapping air between the form and deposited latex particularly in the cuff area An 
~o example of such a surfactant is an acetylene diol As noted above the form has been preheated tn the drying step and 
the residual heat dries off tho water leaving calcium nitrate calcium carbonate powder and surfactant on the surface 
of the form 

The coated form is then dipped into a latex containing tank The latex contains for example natural rubber latex 
plus stabili/crs antioxidant activators, accelerators and vulcani/ers and the latter ail being in powder form Tho 

-■5 stabili/ers are preferably of the phosphate type surfactants The antioxidants are preferably the phenol type for ex- 
ample Antioxidant 2246 (2 2'-mothylenebis (4-methyl-6-t-butylphenol)) available from PMC Specialty Group Fords 
NJ The activator may be for example /inc oxide The accelerator may be for example dithiocarbamate The vulcani/er 
IS preferably sulphur or a sulphur-containing compound if these materials are used the stabih/er antioxidant activator 
accelerator and vulcanizer are dispersed into water to avoid crurTiD formation by using a ball mill or an attntor This 
dispersion is then mixed into the latex An emulsified wax. which is used as an antiozonant is then added to the latex 
mixture. The coated form is then dipped into tho latex composition with the thickness of the latex deposited thereon 
controlled by the duration of the dip (in a single dip situation) This is about 5 to about 20 seconds e g about 12 
seconds for a surgical glove and about 20 to about 70 seconds e g about 50 seconds for an orthopedic glove 

The form now coated with latex is then dipped into a leaching tank in which hot water is circulated to leach out al! 
water soluble components for example residual calcium nitrates ana proteins contained in the natural latex This leach- 
ing process may continue for about twelve minutes with the tank water being about 120° F 

The form is then extracted from the leach bath to a bead and print station At this station, a bead is formed around 
the cuff area at the end of the glove by mechanically rolling down the top portion or the end portion of the glove a 
predetermined amount Company logos size and a traceable date of manufacture are then printed onto the exterior 

■^0 of the glove for example by injecting ink into the latex coating on the form 

The latex coated form is then sent to a curing station where the natural rubber in the form coating is vulcanized 
typically in an oven thereby heat curing the rubber Tho curing station initially ev^.porates any remaining water m the 
latex coating of tho form and then proceeds to tho higher temperature vulcanization The drying may occur between 
^90° F to 200^ F with a vulcanization step occurring at temperatures for example from about 220^ F to about 240° F 

■^s This overall process may last about forty to forty-ftve minutes total For example the oven may be divided into four 
different zones with a form being conveyed through tho zones of increasing temperature One example is an oven 
having four /ones with the first two zones being dedicated to drying and the second two zones being primarily the 
vulcanization step Each of tho /ones may have a slightly higher temperature for example the first /one at about 1 80° 
F the second /one at about 200° F a third zone at about 220" F and a final zone at about 240" F The residence 

^0 time of tho form wilhtn a zone in this case is about ton minutes or so The accelerator and vulcanizer contained in the 
latex coating of the form are used to cross-link the natural rubber therein The vulcanizer forms sulphur bridges between 
different rubber segments and the accelerator is used to speed up sulphur bridge formation 

The form now having a cured rubber glove thereon is then dipped into a starch slurry Conventional powder-con- 
taining gloves may be withdrawn and packaged at this point The slurry has starch and silicone to improve donning of 

55 the conventional glove on a person's hand, for example The starch is preferably epichlorohydin crosslinked starch 
The silicone is also used to try to prevent blocking during stripping of the glove from the form and to help donning of 
a dry hand Therefore the glove will have a starch powder on the surface which is loosely attached thereto Next the 
glove IS stripped from the form which inverts tho glove with tho inside now being out and vice versa The gloves are 
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Ihcn sorted by si/cs ,irid inspected for suitability 

The foregoing steps h(C those which nro used in mnking d prior nrt powdcr-contHininq glove to riid in the donning 
of H user's hand Rnther than nnnking those gloves such prior nrt gloves may be obtained and then treated in the 

following rririnncr 

These powdered gloves afe then inverted again inside out and accordingly is in the orientation the glove was m 
prfor to stripping from the form 

The inverted glove is then washed to remove the powder and staxh from the glove The wash is performed with 
nrnbient temperature lap water and may bo 'Cpoatcd as necessary 

The washed gloves are then chlorinated If a continuous process is used the cured gloves leaving the curing 
station and optionally still on the form arc then chlorinated and the intervening steps omitted The chlortnation. or more 
generally halogenation may be perforrned ;n any suitable manner known to those skilled in the art Such methods 
include ( 1 ) direct intoction of chlorine gas into the water mixture (2) mixing high density bleaching powder and aluminum 
chloride in water (3) brino electrolysis :o produce chlorinated water and (4) acidified bleach See for example U S 
Pat Nos 3 411 9c2 (Kavalir) 3 740 262 (Agosimclli) 3 992 221 (Homsy et al however it is modified to treat the 
wearer-contacting surface rather than or in addition to treating outer surface with chlorine gas) 4 597 108 (Momosc) 
and 4 351 266 (IVIomosc) One preferred methoc is to inject chlorine gas into a water stream and then food the chto- 
nnated water into a chrorinator (a closed vessel) containing the washed gloves The concentration of chlorine can be 
rmonitored and controlled to control the degree of chlortnation The chlorine concentration is typically at least about 
500 ppm preferably from about 500 ppm to about 1 200 ppm e g about 800 ppm The time duration of the chlonnation 
step may also be controlled to control the degree of chlonnaiion The time duration rriay range from about 3 to about 
20 minutes c g . 7 minutes The gloves being in a collapsed state will chlorinate to a greater extent on the wearer- 
contacting surface i e the donning side of the glove with a lesser amount on the non-donning side of the glove 

In another preferred method the gloves may be chlorinated by placing thcnn into a chlorinator including a front- 
loaded industrial washer containing a water batn which contains bleach which is subseguently acidified to a pH of 2 
to about 3 The chlorine concentration ranges from about 0 05 to about 0 3 wt "o e g about 0 1 wt "<> The time duration 
ranges from about 3 toabout 25 minutes Again the donning side of the glove will have a greater amount of chlorination 
than the non-donning side of the glove For a grctater degree of chlorination on the non-donning side of the glove the 
gloves would have to be roinverted and the chlorination step repeated 

The acidified bleacn is then neutralt/ed preferably with ammonium hydroxide or with sodium thiosulfatc This step 
neutralizes the acidified water contained in the chlorinator and quenches excess chlorine to ammonium chloride if 
ammoniumi hydroxide is used 

Still within the industrial washer the chlorinated gloves are then rinsed with tap water at about ambient temperature 
This rinse cycle may be repeated as necessary Once all water is removed from the front-load washer the gloves are 
tumbled to dram excess water 

A lubricant solution is then added into the cnlorinator containing gloves which are then tumbled for about five 
minutes This coats the donning side with the lubricant solution The lubricant solution is drained from the chlorinator 
and may be roused if reused the lubricant solution is preferably reused once more 

The coated gloves are then put into a drier ,-ind dried for about ten to tifteen minutes at about 110° F to dry the 
donning surface The gloves are then remverted and the non-donning side dried for about twenty-five minutes at about 



The foregoing shows a sequence of cvorMs n the rmanufacturc cf qiC'VCS aC(:ofcJing to the present invention If 
powder ccJ gloves rire .ivailablo or chlor nated qlC'VOS arc rivailaoto some of the precodinc^ stops may bo olimuiatod 
-ind the process started at the appfOpri,-tte step ir- the process 



In the following examples and comparative examples ihc following additional product designations are used 

NeoRe/c^) XR-9624 is an aliphatic polyurethane aqueous dispersion available from Zeneca Resins (formerly from 
ICI Resins) Wilminqton f\/lassachusetts 
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( 1 i invert nnd wash the powdered qlC'Ve 

(2) chlofifiHte the wnshcd qlovo 

(3) ncutfHli/G the qlovc and fcsidunl chlorine 

(4) rinse the chlorinrited and fiGutrali/ed glove 

(5) extract to remove excess wnler from the qlove 

(6) the chlorinated qlove is then treated with the following lubricant formulation 





Parts by Weight 


Water 


99 25 


Cctylpyridinium Chloride 


0 50 


Nuwet(R) 300 


0 25 



(7) after lubricant treatment the lubricant treated glove is dried 

(5) invert and re-dry the lubricant treated glove The finished glove is found to have no loose powder and superior 
lubricity with respect to wet/damp hand donninq 

EXAMPLE II 

20 

In accordance with the general procedure of Example I a glove is formed utilizing the following lubricant formula- 
tion 





Parts by Weight 


Water 


99 25 


NuWetCR)500 


0 50 


DynoKff) 604 


0 25 



The finished glove is found to have no loose powder and superior lubricity with respect to wet/damp hand donninq 
EXAMPLE III 

In accordance with the general procedure of Example t a glove is produced utilizing the following lubricant formu- 
lation 





Parts by Weight 


Water 


99 25 


Cctylpyridinium Chloride 


0 50 


NuWet® 500 


0 25 



The finished glove is found to have no loose powder and superior lubricity with respect to wet/damp hand donninq 
EXAMPLE IV 

A layer of natural rubber latex is applied to an average thickness of 1 50 micrometer onto a glove form which then 
is dipped into the following antt-blocking coating formulation 

50 





Parts by Weight 


NcoRc/ XR-Q624 


255 71 


Dcioni/ed Water 


84 62 


VedocCR) VP 1 30 


ie 00 



A layer of the formulation is deposited over the layer of natural rubber latex The layers are then cured and dipped 
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in H strirch slurry Tfio glc-vo is stripped from the lorm in h rT^nnner thnt fcvcrsos the qlovc A rTTCthocl of rnnkiriq a 
polymer cOHlcd glove sui!..-iblo for use in connection with this invention is disclosed in U S Pnt No 5 254 607 

Off -lino chionnHtion and lubricant treatment of the above qlovo is pcrforrnod in accordance with the general pro- 
cedure C'f Example I 

The finished glove is found to have no loose powder and superior lubricity with respect to wot damp hand donning 
The present invcniion has boon described primarily with respect to surgeon's gloves As earlier noted the present 

irwerntion is also applicable to other skin- or tissue-contacting flexible clastomoric articles such as condoms gloves 

used by doctors and votcinary surgeons for cxarTiinHlion purposes isuch gloves often being donned with dry hands} 

catheters ureters, sheets sheaths and sheath-type incontinence device 
'0 When the present invention is used for articles such as ureters and catheters the outer surface is coaled with the 

lubricant corn[)osition (this bcinq the wearer -contacting surface) for cor^doms the inner and/or outer surface may be 

treated with the lubricant composition 

Claims 

1. A method of treating ,-jn elastomeric flexible article the method comprising 

ireating the article surface with a lubricant composition 
-'^ wherein the lubricant composition is selected from the group consisting of a first composition and a second 

composition 

wherein the first composition comprises 

an acotylenic diol and 
-■5 ai least one compound selected from the group consisting of 

an organo-modified silicone 
an amino-modifiod silicone and 
a cationic surfactant and 

JO 

wherein the second composition comprises 
a cationic surfactant and 

at least one compound selected from the group consisting of 

an organo-moditied silicone 
an aminci-rnodified silicone and 
an acetylcnic diol 

•^0 2. A method according to claim 1 wherein the cationic surfactant is 1 -hoxadccylpyridinium chloride monohydrate 

3. A rnrUiod acccrdinq [o cl,iir7i 1 vAvhorcir^ prior to the tro.ilinq stop the rnolhod further compiisos 

; iiiOrrriHtinq thoa'ticlo iurfrico -ina 

rioutr.-li/inq ino a'ticio surface ann losiduai cniorirTo 

4. A flexible elastomeric article having a wcaror-contactinq surface in wfuch a lubricarM composition has been applied 
to the woarcr-contacting surface so as to substantially improve the lubricity of the surface with respect to damp 
skin wherein the lubricant composition is selected from the group consisting of a first composition and a second 
composition 
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whcroifi the second composition comprisos 
H CHtiontc surfHCtnnt nnd 

rit least one compound sclGctcd from the group consisting of 

nn orgnno-modtfiGd Silicone 
an amino-modilied silicone and 
an acetylenic diol 

5. An article according to claim 4 wherein the article is a surgeon's glove 

6. An article according to claim 4 wherein the cationic surfactant is 1 -hoxadGcylpyridinium chloride monohydrato 

■ 5 

7. A flexible article displaying slip properties with respect to damp and dry mammalian tissue without use of powder 
lubricants comprising 

a substrate layer comprising an elastomoric material the layer having a woarcr-contacttng surface, and 
^0 H damp shp-conforring amount of a lubricant composition applied to the wearer-contacting surface, wherein 

the lubricant composition is selected from the group consisting of a first composition and a second composition 
wherein the first composition comprises 

an acetylenic diol and 

at least one compound selected from the group consisting of 

an organo-modified silicone 
an amino-modified silicone and 
a cationic surfactant and 

JO 

wherein the second composition comprises 
a cationic surfactant and 

at least one compound selected from the group consisting of 

an organo-modified silicone 
an aminc-modified silicone and 
an acetylenic dtol 

■^0 8. An article according to claim 7 wherein the article is a surgeon's glove 

9. An article according to claim 7, wherein the cationic surfactant is 1 -hexadecylpyridinium chloride monohydrato 

10. An article according to claim 7 whcretn the Glastomor is selected from the group consisting of natural rubber a 
-^^ polyurethane a homopolymer of a conjugated diene a copolymer of at least two conjugated dienes a copolymer 

of at least one conjugated diene and at least one vinyl monomer and combinations thereof 

11. An article according to claim 10. wherein the elastomer is natural rubber 
^0 12. An article according to claim 10. wherein the elastomer is a polyurethane. 

13. An article according to claim 10 wherein the article has a first elastomeric layer and a second clastomeric layer 
and wherein the elastomer for the first elastomeric layer is natural rubber and the elastomer for the second clas- 
tomeric layer is polyurethane 

55 

14. An article according to claim 10 wherein the elastomer is a homopolymer of a conjugated diene 

15. An article according to claim 14 wherein the elastomer is neoprene 



12 



BNSDOCID <EP 



0815e80A2 I > 





EP 0 81 5 880 A2 



16. An Hiticio riccofdinq to claim 14 wherein the conjugHlcd dicno is isopronc 

17. An rirticlc accorduiq lo ciHirn 10 whoroin the clHStomcf is n copolymer of M \cns\ one conjugated diene rind hI 
lOrtsl one vinyl rnonorTlcr 

18. An Hfticle Hccordinq to clHim l 7 wherein the olHSlomer is nilnlo rubber 

19. An rirticlo Hccordinq to claim 17 wherein the elastomer is a styrenc-isoprenc-slyrenc block copolymer 

20. An article according to claim 1 7 wherein the elastomer is a styrenc-buladione-styrene block copolymer 
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(54) Elastomeric flexible articles and their method of manufacture 



(57) In accordance with the present invention, there 
IS provided a flexible article such as a surgeon's glove 
displaying slip properties with respect to damp and dry 
mammalian tissue without use of powder lubricants The 
article is comprised of a substrate layer having an elas- 
tomeric material, the layer having a wearer-contacting 
surface and a damp slip-conforring amount of a lubricant 
composition applied to the wearer-contacting surface 
The lubricant composition is selected from the group 
consisting of a first composition and a second compo- 
sition The first composition comprises an acctylcnic diol 
and at least one compound selected from the group con- 



sisting of an organo-modified silicone, an amino-modi- 
fied silicone and a calionic surfactant The second com- 
position comprises a cationic surfactant and at least one 
compound selected from the group consisting of an or- 
gano-modificd silicone an amino-modified silicone, and 
an acetylenic diol The elastomer may be natural or syn- 
thetic, and IS preferably selected from the group consist- 
ing of natural rubber, a polyurothane neoprcne nitrile 
rubber a styrenebutadiene-styrone block copolymer a 
styrcno-isoprenc^styrene block copolymer and combi- 
nations thereof The cattonic surfactant is preferably 
1-hcxadccylpyridinium chloride monohydrato 
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